Introduction: Radioscapholunate (RSL) fusion is typically performed following wrist trauma. It addresses the pain caused by radiocarpal osteoarthritis but reduces the wrist's mobility. The objective of this study was to determine the long-term clinical and radiological outcomes of this procedure. Materials and methods: This was a retrospective study of all wrists operated for RSL fusion in our surgery unit over a 12-year period. The clinical analysis consisted of joint amplitudes, grip strength, pain (VAS) and functional scores (PRWE, QuickDash, Mayo Wrist Score). The radiological analysis focused on bone fusion and the presence of midcarpal osteoarthritis. Results: This surgery procedure was performed on 48 wrists. Of these, 34 patients were available for review, including 6 who had subsequently undergone total wrist fusion after the RSL procedure. The average follow-up was 53 months. Flexion/extension and radioulnar deviation were 56
Introduction
Radioscapholunate (RSL) fusion is one of the treatment options for painful degeneration of the radiocarpal joint, which is typically posttraumatic [1] . As with any partial wrist fusion procedure, loss of wrist mobility is unavoidable. The primary objective of this study was to determine the long-term clinical outcomes of RSL fusion; the secondary objective was to assess the radiological progression of osteoarthritis over time.
Material and methods
This was a retrospective study of all patients who underwent RSL fusion in the hand surgery department of the Nancy University Hospital between February 2003 and May 2015. At least 1 year of follow-up was required for inclusion.
The indication was made when the patient presented with painful RSL osteoarthritis, which was confirmed by A/P and lateral X-rays of the wrist (joint space narrowing and/or osteophytes and/or subchondral bone cysts and/or subchondral sclerosis). Additional imaging by CT, CT arthrography or MRI was used to confirm the midcarpal joint cartilage was intact [2] . Eighteen different surgeons were involved. The patients were operated using the technique described by Garcia-Elias [2] (Figs. 1-3) ; however, the distal pole of the scaphoid (DPS) was not excised in all cases. All the means of fixation available to our surgeons were used in these patients: K-wires, compression screws (AutoFIX 2.0/2.5 mm, SBI ® ), plates (2.5 TriLock Fusion RSL, Aptus Wrist, Medartis ® ). Cancellous bone graft harvested from the iliac crest or locally (radius, DPS, ulna) was used in every patient. The postoperative course consisted of 6 weeks immobilization with the wrist straight but the metacarpophalangeal joints free.
The clinical analysis involved measuring the mobility of the operated and contralateral wrist in flexion, extension, radial and ulnar deviation, pronation and supination. All measurements were made by a single investigator using a goniometer. Grip strength was evaluated using a Jamar ® dynamometer [3] and key pinch strength was evaluated using a hydraulic pinch gauge. The strength in the operated wrist was compared to that of the contralateral wrist. The wrist was kept straight during the strength measurements. A visual analog scale (VAS) was used to measure pain at rest and during effort (wrist use during daily living activities); the mean of these two values was used in the analysis. The patient rated wrist evaluation (PRWE) [4] , shortened version of the DASH outcome measure (QuickDash) [5] and the Modified Mayo Wrist Score (MMWS) [6] were used to determine the patients' function. Patient satisfaction with the procedure was graded as highly satisfied, satisfied, disappointed or dissatisfied. The patient's ability to return to work in the same job or another position was determined.
The radiological analysis involved an evaluation of A/P and lateral X-rays of the wrist by three different examiners. When there was disagreement about the findings, the three examiners reviewed the X-rays again.
The X-rays were used to determine:
• the presence of bone bridges to confirm fusion of the RSL joint space (Fig. 4) 
Results

Study population
Forty-eight wrists in 47 patients were operated over the 12-year period. Thirty-four patients were reviewed. The mean age at the time of the procedure was 48 years ; the male to female ratio was 4.9. The dominant hand was operated in 47% of cases and 65% of patients performed manual labor. The indication was posttraumatic in 73% of cases; mainly articular malunion of the distal radius, 1 case of stage II scapholunate advanced collapse (SLAC) wrist, 1 case of nonunion following distal radius fracture and 1 emergency RSL fusion (replantation). The average follow-up was 53 months (Table 1 ). Eleven patients also underwent an ulnar surgical procedure during the same surgery.
Before the final review, six patients under total wrist fusion. The reasons for this conversion to total fusion were RSL nonunion in four cases and painful secondary midcarpal osteoarthritis in the two other cases. The mean time elapsed between these two procedures was 18 months (Table 1) .
Mobility and strength
The mean movement amplitudes were 27 • in flexion, 29 • in extension, 12 • in radial deviation, 18 • in ulnar deviation, 86 • in pronation and 74 • in supination. The mean grip strength in the operated wrist was 25 kg, which was 71% of the contralateral side. The mean pinch strength was 6.7 kg, which was 81% of the contralateral side (Table 2) . 
Functional outcomes
The average VAS was 1 at rest and 4 during effort, for a mean VAS of 3. The PRWE was 35.7, the QuickDash was 44.5 and the MMWS was 57.2 (Table 3) . Return to work after RSL fusion was impossible in 29% of patients; 50% of patients had returned to work, 39% of them in the same position; 21% were not working at the time of the procedure (students or retirees). Seventy-nine percent of patients were satisfied or very satisfied with the outcome.
Fusion and osteoarthritis
In the 34 reviewed patients, the RSL fusion rate was 71%. Among the 10 patients who experienced nonunion, 4 underwent conversion to total fusion before the final review, 2 had been revised with new bone fixation, 2 were candidates for total wrist fusion but declined this procedure and 2 declined any revision procedure because they had no complaints. Among the 28 patients who did not require total wrist fusion and had their radiographs reviewed, 64% had midcarpal osteoarthritis, including a 46% rate of STT osteoarthritis and a 25% rate of LT osteoarthritis (Table 4 ).
Discussion
The flexion, extension, radial deviation and ulnar deviation movement amplitudes found in our study correspond to the functional range of motion described by Palmer et al. [7] and preserve the wrist's functional dart-throwing motion [8] . They are also comparable to the results reported in various published studies on the same topic (Table 5 ). The mean pain levels during rest and activity found in our study are evidence of pain control but not complete pain relief; this is also consistent with published data [9] . The MMWS and QuickDash scores point to mediocre functional results, despite the high satisfaction rate (79%). These scores are similar to those reported in other RSL fusion studies [9] . In our study, 29% of patients could not return to work; this rate is high given that 21% of our patients were not employed (students or retirees). If we compare RSL fusion with total wrist fusion, the functional scores are better for RSL fusion [10, 11] . Conversely, the return to work rate is similar (30.5%-11 of 36 patients) [12] . Although the return to work rate is not higher, RSL fusion leaves the patient with a more functional wrist than total fusion.
The nonunion rate in our study was high (29%). Among the 10 nonunion cases, 7 were in patients who underwent RSL fusion without excision of the distal pole of the scaphoid (DPS). According to Nagy and Büchler [13] , who perform RSL fusion without DPS excision, this rate is similar to ours (27% , Table 5 ). Conversely, the fusion rate is higher in studies of RSL arthrodesis with DPS excision: the 36 published cases of RSL arthrodesis with DPS excision all achieved fusion [9, 14] . The 3 nonunions in the Mühldorfer-Fodor study were in patients who did not undergo DPS excision. However, the failed fusions could be explained by other factors that we did 
• -90 not evaluate: large number of surgeons involved, extrinsic factors such as smoking and preoperative corticosteroid therapy [15] . The type of cancellous bone graft could also explain the differences in the findings. However, in our study, there were a similar number of iliac crest harvests and local harvests and no relationship with bone fusion was found. Technical errors during bone fixation also contribute to the high failure rate [16] : in several patients, the fixation was done with hardware that does not provide compression and provides only one fixation point per joint being fused (Figs. 6, 7 ). Radiolunate fusion as described by Chamay et al. [17] in combination with excision of the entire scaphoid is an alternative to RSL fusion. Theoretically, the risk of nonunion is reduced because only one joint is being fused. This procedure is mainly indicated in wrists with rheumatoid arthritis to correct ulnar translation of the carpus. When radioscaphoid osteoarthritis is also present, many authors suggest performing RSL fusion instead [18, 19] . At this point, there is no clinical follow-up data on this procedure. Midcarpal osteoarthritis is another long-term complication of this procedure, as it was present in 64% of operated wrists in our study at 53 months' follow-up. The study by Nagy and Büchler [13] confirmed this trend after 96 months of follow-up (Table 5 ). This can be explained by the altered wrist biomechanics induced by RSL fusion. All the loads that go through the wrist are absorbed by the single midcarpal joint, which is overloaded relative to a normal wrist [20] . These increased loads are focused mainly on the STT joint according to a cadaver study [21] . Some authors recommend removing the DPS to prevent the development of STT osteoarthritis [22] . However, this excision leads to even higher peak pressures in the LC joint than in a wrist that has undergone RSL fusion only [20] .
Progression to midcarpal osteoarthritis appears inevitable, as evidenced by Hug et al. [23] finding a 100% rate of midcarpal osteoarthritis after 24 years of follow-up, mainly in the STT joint. This leads us to wonder: although resecting the DPS prevents STT osteoarthritis, does it not induce earlier development of LC and SC osteoarthritis?
LT osteoarthritis was found in one-quarter of the wrists in our study. As with the STT joint, the LT and TH joints are subjected to more rotational movements relative to those in a normal wrist [21] . Some authors have recommended excision of the triquetrum in combination with RSL fusion to prevent this disease progression [24] . Given the absence of clinical data on this additional procedure, we do not believe it is essential at this point. While the secondary osteoarthritis rate is high, the effects are not very prominent as the mean pain levels at rest and during activity were 1 and 4, respectively.
Conclusion
RSL fusion leads to reduced strength and range of motion of the wrist. While the decreased mobility does not hinder the dart-throwing motion, the functional results are mediocre. Over the long-term, there is radiological progression of midcarpal osteoarthritis in 64% of wrists at 53 months. The main complication of this procedure is nonunion; the risk seems to be reduced by excising the DPS. There is published evidence showing that DPS excision in beneficial in terms of postoperative mobility, along with being increasing the probability of bone fusion.
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